of 0 .2 N NaOH for liquid scintillation counting and protein assay. [1,2-'H]-2-Deoxy-Dglucose uptake was calculated from the differences of radioactivity between 1 and 2 min and expressed as nmol/mg protein per min, which was linear for >2 min in all experiments . When the effect of PMA or zymosan was tested, they were added 3 min before the addition of labeled deoxyglucose.
Glucose Oxidation. The oxidation of '4 C-1-glucose to "C0 2 by macrophage monolayers was studied as described previously (16) with minor modifications using cell monolayers in 35-mm petri dishes containing I ml of KRP at pH 7.4 with 2 mM glucose and I 'Ci of 1-[ '4 C]-D-glucose duringa 20-min incubation at 37'C. When the effect ofPMA or zymosan was tested, they were added before 1-[' 4 C]-glucose. A background count from cell free control dishes was subtracted and was always <0.01 % of the total counts recovered in the NaOH-soaked wick. A correction was also made for trapping efficiency (^-70%) as compared with the identical experiment using a screw-capped flask instead of a petri dish. Results were expressed as nanomoles "C0 2 released/milligram cell protein per hour.
NADPH Oxidase.
02'
release from KC or PC lysates was measured as described (17) with the modification that NADPH was added before detergent. In brief, 3-5 x 106 cells were suspended in 0.8 ml KRPG with 30 ,,M acetylated cytochrome C, 2 mM NaN S, and 1 mM NADPH in a 1-cm light path cuvette with an air-driven stirrer in the thermostatted (37°C) chamber of a Perkin-Elmer/Hitachi model 557 dual wavelength spectrophotometer continuously recording DA (550-540 nm) (E = 19.1 mM-'). The reaction was started by the addition of PMA to a final concentration of 100 ng/ml, followed after 1 min by addition of 0.0625% (wt/vol) DOC and 0 .0625% (vol/vol) Tween 20. Reduction of acetylated cytochrome C was completely abolished by 300 U/ml SOD .
Cytochrome b55g Content. To minimize interference from hemoglobin and mitochondrial cytochromes, a modification of the conventional method was made, which will be detailed elsewhere (Ding, A., manuscript in preparation) . In brief, 2-3 x 10' KCs or 5-8 x 10' PCs were suspended in 0.8 ml of KRPG containing 1 mM KCN and 1 mM NaNs. A few grains of sodium dithionite were added to the suspension, followed by bubbling with air for 2-5 min. Spectra of the suspensions from 400-600 nm were stored in the spectrophotometer . Cytochrome b was reduced again with a second addition of sodium dithionite. The resulting spectra from 400-600 run were subtracted from the stored spectra for oxygenated cells . Cytochrome b55y was estimated by means of its absorbance coefficient of 21 .7 mM-'cm -' at 559 nm (18) .
['H] 20 :4 Release. Freshly prepared KC or PC suspensions in complete medium were added to 35-mm petri dishes (5 x 106 in 1 ml/dish) . After 2 h at 37°C in 5% C02/95% air, the monolayers were washed three times with RPMI 1640. Freshly prepared complete medium containing 0.5 uCi of [3H]20:4 was added (1 .2 ml/dish) and the cells were incubated overnight . The monolayers were then washed three times with warm RPMI, overlaid with 1 .2 ml RPMI plus 200 lAg zymosan, and incubated for 2 h more. 5-Al aliquots were removed at intervals to determine released ['H]20:4. Total labeling was determined as the sum of 0.05% Triton X-100 solubilized counts from the monolayer plus total counts in the medium . The results were expressed as percent of the total label released.
Separation of ['H]20:4-labeled Metabolites by HPLC. Oxygenated products of 20:4 were extracted from culture media according to the method of Unger et al. (19) . 1 ml of ethanol and 10 u1 of 88% (wt/wt) formic acid were added to 1 .2 ml medium containing ['H] 20:4 metabolites. The resultant solution was extracted twice with I ml of chloroform containing 0 .005% (wt/vol) butylated hydroxytoluene. The lower phases were pooled and evaporated to dryness under N2. The residue was dissolved in the appropriate starting buffer for reverse-phase HPLC.
[6H] 20:4 metabolites were separated and identified using two HPLC systems (20) . In the first, a column (4.6 x 250 mm) of Ultrasphere C-18 (Altex Scientific, Inc., Berkeley, CA) was eluted at a flow rate of 1 ml/min with 60 ml of methanol/water/acetic acid (65 :35:0.1, vol/vol/vol, pH 5.4), followed by 40 ml of methanol/acetic acid (100:0.01, vol/vol) . In the second system, a Fatty Acid Analysis column (3.9 x 300 mm; Waters Associates, Millipore Corp., Milford, MA) was eluted at 2 ml/min with 100 ml of acetonitrile/water/benzene/acetic acid (76 .7:23:0.2:0 .1, vol/vol/vol/vol) . Identification of recovered radiolabeled 20 :4 metabolites was accomplished by comparison of retention times with radiolabeled standards, including 6-keto-prostaglandin Fl ., thromboxane B2, prostaglandin 2a prostaglandin E2, leukotriene C, and arachidonic acid (20 :4) (all from New England Nuclear, Boston, MA), and 12-hydroxyheptadecanoic acid and 12-hydroxyeicosatetranoic acid prepared from human platelets (a kind gift of N . Pawlowski, University of Pennsylvania, Philadelphia, PA).
RIA of Surface Antigens . The surface antigens of KCs were measured in an RIA using rat hybridoma supernate and ' 25 1-F(ab' 2 ) of goat anti-rat IgG. The following steps were at 4°C . Triplicate coverslips with 1-d-old cultures of KCs or resident PCs were washed with PBS and placed on an inverted lid of a 24-well plate . 30 Al of hybridoma supernatant containing the primary antibody (^-10 ,Ag/ml) was added . 50 min later, the monolayers were thoroughly washed and incubated with 1 wg/ml`25 1-F(ab')2 anti-IgG for an additional 50 min. After washing, individual coverslips were transferred to a new 24-well plate and incubated at room temperature for 1 h with 0 .3 ml of 0.1 N NaOH, of which 100 Al was used for protein assay and the rest for gamma counting. Background binding was measured in coverslips without cells and was subtracted from all the measurements. H202 Release. H 2 02 release was measured fluorometrically by the horseradish peroxidase-catalyzed oxidation of fluorescent scopoletin to a nonfluorescent product, as described in detail (21) with the following modifications for use of 24-well rather than 96-well plates. Triplicate coverslips with adherent cells were rinsed in four beakers of 0.9% NaCl, drained,' and transferred to 16-mm wells containing 0.3 ml of KRPG with 15-30 AM scopoletin, 1 mM NaN3, 1 purpurogallin U/ml of HPO, and 100 ng/ml of PMA per well . After 60 min of incubation at 37°C, the fluorescence of the supernate was recorded in a fluorometer (model MPF 44A ; Perkin-Elmer Corp., Pomona, CA) with excitation 350 nm and emission 460 nm. The protein of cells adherent at the start of the assay was measured by the method of Lowry et al . (22) in every well. Specific release was calculated after subtracting H 20 2 and protein values for cell-free samples and expressed as nanomoles H 2 02/milligram cell protein/60 or 120 min.
rIFN--y Injection. rIFN-ti was diluted in normal saline containing 0 .1% FCS in a final concentration of 5 x 10 5 U/ml, and injected into peritoneal cavity of CD, mice (1 ml/mouse) 18 h before harvesting KCs or PCs. The control mice were injected with 1 ml/mouse of saline containing 0 .1 % FCS .
Results
Cell Characteristics. Earlier experiments with this procedure for collecting KCs showed that ifmice were given intravenous India ink, >90% of the adherent cells obtained were labeled~: ith carbon particles, and thus belonged to the vascular sinus-lining population (5) . Although carbon-labeled cells stained in situ with the F4/80 mAb, a marker of mononuclear phagocytes, they were negative for another macrophage marker, Mac-1 (5) . Thus, our initial experiments had two goals : to resolve this apparent discrepancy and confirm that our adherent population was nearly pure in macrophages ; and to minimize the ingestion of debris during isolation . The latter was essential to decrease the possibility that the respiratory burst might be exhausted by phagocytic triggering during cell preparation (23, 24) .
We first compared KCs isolated by means of adherence at 37'C or 15-18'C . Ingestion of debris (probably fragments of hepatocytes) was sometimes extensive at 37°C, but was undetectable at the lower temperature (Fig. IA) . Fig . 1 , B-D, documents that after overnight incubation, virtually all the adherent cells displayed receptors for Fc and C3bi but not C3b. The presence of complement receptor type 3 (CR3) was confirmed by the ability of monoclonal anti-CR3 antibody to inhibit rosetting of KCs with EC3bi ( Fig . 1 E) . An RIA provided quantitative evidence that there was comparable expression of Fc and C3bi (Table I) . Thus, while CR3 may be blocked or otherwise unexpressed on KCs in situ, CR3 is readily detected on the same cells after overnight incubation in vitro . Lymphocyte function-associated antigen 1, which shares a common ,B chain with CR3, was sevenfold more abundant per milligram cell protein on KCs than on resident PCs . In this regard, KCs resembled activated rather than resident PCs (25) .
Glucose Transport. Lack of increased 02 consumption during triggering of KCs (5, 26) proved that their failure to release detectable H202 was due to lack of production of H202, rather than to its enhanced degradation . Therefore, we looked for a possible defect in each of several biochemically defined steps in H202 production, beginning with transport of glucose, on which macrophage H202 production is dependent (27, 28) . As shown in Table II , KCs transported 2-deoxy-D-glucose 62% as fast as either resident or activated mouse PCs . Results were similar if the macrophages were at rest or were challenged with zymosan particles or PMA during the assay . KCs are threefold larger than resident PCs (based on the ratios of milligrams protein/cell ; unpublished observation). Thus, if the results are expressed on a per cell basis, KCs took up glucose -80% faster than PCs . Absence of the respiratory burst could not be attributed to a gross reduction in glucose transport .
Hexose Monophosphate Shunt (HMPS). Accordingly, we next examined NADPH-generating capacity, as reflected by the oxidation of the first carbon of Oxidation of "C-1-Glucose
Results are expressed as nmol '4CO2 produced/mg cell protein per h and are means t SE from the number of experiments in parentheses. * 200 Wg/ml. $ 100 ng/ml. glucose to C02 via the HMPS (Table III) . Baseline HMPS activity in KCs was somewhat lower than in resident or activated PCs on a per mg cell protein basis, although not on a per cell basis. Ingestion of zymosan provoked only a 2 .2-fold increase in HMPS in KCs, compared with a 14-20-fold increase in PCs. With PMA, there was a 2.8-6.5-fold increase in HMPS in the PCs, but none in KCs. These results indicated that there was no marked deficiency in the baseline activity of the HMPS in KCs. The lack of a substantial increase in HMPS during exposure to endocytic/secretagogic stimuli might be due to the absence of a respiratory burst, since NADPH is oxidized during the catabolism of H202 via the glutathione redox cycle (29) .
NADPH Oxidase. Thus, we proceeded to test directly the enzymatic activity of the NADPH oxidase that produces superoxide. As detailed in previous reports (17, 30) , it is difficult to permeabilize mouse macrophages to exogenous NADPH without destroying the oxidase. Quantitative recovery of oxidase activity in lysed cells depends on the choice of detergent, its concentration, and the duration of detergent treatment before addition of NADPH. The first variable was recently optimized (17) . The second was explored in greater detail in Table IV . The third variable was eliminated by adding NADPH to the assay mix before, rather than after, the detergent . These modifications permitted the demonstration of the expected (30) rate of SOD-inhibitable, PMA-induced reduction of acetylated cytochrome c by detergent-lysed resident PCs, but none by KCs (Fig . 2) 2 . NADPH oxidase activity in cell lysates . 4 x 10' resident PCs (A) or KCs (B) were suspended in 0.8 ml of KRPG containing 1 mM NADPH, 2 mM NaN3, and 30 jm acetylated cytochrome C in a dual wavelength spectrophotometer at 37°C . 100 ng/ml PMA, 0.0625% each of DOC and Tween 20, and 300 U/ml of SOD were added as indicated, and the difference in absorption between 550 and 540 nm was recorded . 1 mM NADPH (well above the intracellular concentration of NADPH in mouse PC [17] ). Thus, the oxidase had either been lost during conversion of monocytes to KCs, or rendered refractory to being triggered to an NADPH-reducible state (31) .
Cytochrome 11559. To try to distinguish between these possibilities, we estimated the cellular content of a component of the oxidase complex that can be detected spectrally, independent of its enzymatic activity, namely, cytochrome b559 (cytochrome b_245) (32) . Although reduced-oxidized difference spectra of neutrophils give a single cytochrome b559 a band at 559 nm, the corresponding region in the macrophage spectrum is complicated both by a shoulder at 550 nm from mitochondria) cytochromes (30) and a coinciding peak at 555-559 nm from hemoglobin, probably from erythrocytes ingested by KCs in vivo . As little as 0.4% contamination with erythrocytes would suffice to double the height of the peak at 559 nm (33) . Indeed, in a conventional reduced-oxidized difference spectrum of KCs, massive ,B (510-515 nm) and y bands (431-434) characteristic of hemoglobin were recorded (Fig. 3, dashed line) . To minimize these interferences, we took advantage of the fact that oxidation and reduction of cytochrome b559 In the presence of KCN and NaN3 are reversible, while irreversible changes are induced in mitochondria) cytochromes and hemoglobin under the same conditions . Fig. 3 were eliminated, and the a (559 nm), 0 (530 nm), and y (428 nm) bands of cytochrome b559 emerged clearly. This method permitted the use of the extinction coefficient (18) to estimate that the content of cytochrome b55s in KCs (4.5 ± 0.4 pmol/10 6 cells, mean ± SE for four experiments) closely resembled that in mouse PCs (3.4 ± 0.2 pmol/106 in the same four experiments) . These results are in agreement with those reported for mouse (30) and human neutrophils (32) . Thus, at least one component of the oxidase was unequivocally present in KCs.
Release of Eicosanoids. The foregoing findings focused attention on the possibility that KCs were refractory to triggering. The triggering response in macrophages that most closely parallels secretion of reduced forms of 02 is secretion of oxygenated forms of arachidonate . That is, the same triggering agents lead to metabolism of molecular 02 over a similar time course by these two independent (28) pathways. Therefore, KCs and resident PCs were labeled with [sH]20 :4 and challenged with zymosan. KCs released -7% of their 20 :4, compared with >20% from PCs (Fig. 4) . Two HPLC systems were used to identify the major oxygenated metabolites of the cyclooxygenase and lipoxygenase pathways (Fig. 5) . Whereas PCs oxygenated 90% of the released 20 :4, KCs oxygenated only -60% . Moreover, in contrast to PCs, KCs produced almost no leukotriene C or prostacyclin . These results indicated that zymosan could trigger a secretory response in KCs involving the reduction of Oz by arachidonate, though not the reduction of 02 by NADPH. Thus, any defect in triggering must 
mediately (--o--) or 18 h later (--~--). (B) 50
gg/ml of zymosan was added to macrophage monolayers at different time points for 1 h followed by its removal. All H202-release assays were performed together 44 h after plating the cells. Time indicates the interval between zymosan pulsing and the assay. The results are representative of three experiments, and are means ± SE for triplicates.
Time after zymosan pulsing (h) DING AND NATHAN 116 3 be relatively specific for the respiratory burst that produces superoxide . Of further interest, the pattern of 20 :4 metabolism in KCs was strikingly similar to that reported for PCs recovered from the mouse peritoneal cavity 11-14 d after injection of formalin-fixed propionobacteria or heat-killed mycobacteria (34) . Such PCs are probably in a postphagocytic state. Induction of a Refractory State of the NADPH Oxidase in the PC. The above results suggested that physiologic exposure of KCs to particulates in vivo might have induced a selective state of refractoriness to triggering of the respiratory burst. To test this hypothesis, we used PCs and unopsonized zymosan particles. Unopsonized zymosan was selected because it interacts with several macrophage receptors. These include the mannosyl-fucosyl receptor (35) and CR3, via complement synthesized by the macrophages during the assay and fixed by the particles (36) . Immediately after a 1-h exposure of activated macrophages to zymosan, the ability of the cells to release H202 in response to PMA was unimpaired (Fig . 6A) . 18 h later, however, PMA-induced H202 release was almost completely suppressed by prior contact with zymosan, in a dose-dependent manner . H202-releasing capacity was suppressed 50%, 18 h after a 1-h exposure to 20 /Ag/ml of zymosan (Fig. 6A) . A 1-h exposure to 50,ug/ml zymosan induced 50% suppression of H202-releasing capacity within 7 h (Fig . 6B) . These conditions resulted in only^, 29% of the cells containing zymosan particles (^-1-3 particles per phagocytic cell).
To test whether a history of endocytic encounters could also influence the responsivity of macrophages to activation by rIFN-y, resident PCs were pulsed Fig. 7 , zymosanpulsed PCs were completely refractory to enhancement of respiratory burst capacity by rIFN-y at all doses tested, and thus came to resemble KCs.
The experiments illustrated in Figs . 6 and 7 were also performed using hepatic debris in place of zymosan. The debris consisted of the supernate of the lowspeed spin o£ the liver digest from which KCs were isolated . This supernate contained collagenase, perfusate, and broken hepatocytes. Results were the same as with zymosan : the respiratory burst of PCs was neither triggered, nor rendered refractory to triggering when tested immediately after a 1-h exposure to hepatic debris at 37'C . 24-48 h later, however, H202-releasing capacity was markedly suppressed, and was resistant to reinduction by rIFN-^f (data not shown) . These findings suggest that the failure to detect a respiratory burst in KCs immediately after isolation was not a consequence of ingestion of hepatic debris during isolation.
Recovery of Respiratory Burst Capacity in KCs. If the oxidase were present in KCs, but rendered refractory to triggering by means of past phagocytic events, then time in culture in the absence of continued phagocytosis might permit demonstrable oxidase activity to be restored . No PMA-triggered respiratory burst was detected after culture of KC for 4 or 5 d, even with rIFN--y for the last 3 d (five experiments ; Fig. 8 ) . However, culture of KCs for 7-19 d, the last 3 d in rIFN-y, consistently resulted in substantial PMA-triggered H202 secretory capacity (nine experiments; Fig. 8) .
Response ofKCs to rIFN-y In Vivo . To ascertain whether KCs' refractory state to activation by rIFN-y antedated their isolation, we injected rIFN-y intraperitoneally, using a protocol shown to activate intrahepatic inflammatory macrophages (37) as well as alveolar macrophages (38) and PCs (7) . When KCs were isolated 1 d later, their PMA-induced H202 release remained at the limit of detection of the assay (23 ± 2 nmol H202/mg cell protein per 60 min) . In contrast, PCs were fully activated in the same experiments (386 ± 30 nmol/mg cell protein per 60 min, compared with 35 ± 12 for PCs from mice injected with diluent alone) . Thus, before they were isolated, KCs were already refractory to induction of respiratory burst capacity by rIFN-y .
Discussion
Suppression of the respiratory burst may permit macrophages that line vascular sinuses to clear the circulation of senescent cells, immune complexes, and microbial products without inflicting oxidant damage on bystander cells. How could this specialized phenotype arise? We considered three possibilities: (a) by recruitment of sinus-lining cells from a distinct macrophage lineage lacking the NADPH oxidase; (b) by macrophage deactivation in response to cytokines such as macrophage-deactivating factor (MDF ; reference 17) or transforming growth factor-,6 (TGF-fl; Tsunawaki, S., M . Sporn, A . Ding, and C. Nathan, manuscript submitted for publication) that might be released by platelets (39) , phagocytizing macrophages (40) , or other cells of the blood, vessel wall, or underlying organ; or (c) as a direct consequence of exposure to the ligands in whose clearance sinuslining macrophages are continually engaged.
With regard to the first possibility, there is no evidence for a distinct macrophage lineage lacking respiratory burst activity . Judging from the cytochemical reaction with nitroblue tetrazolium, the capacity to mount a respiratory burst is a general property of blood monocytes (41) , from which KCs arise (12) . The presence of normal levels of cytochrome b559 is strong evidence that KCs do, in fact, contain at least two components of the NADPH oxidase complex. The only known function of cytochrome b559 is as a component of the oxidase; its presence is limited to cell types that normally have respiratory burst capacity; its rare spectral absence from such cells is associated with the absence of respiratory burst capacity and consequent chronic granulomatous disease (32) . In the Xlinked form of chronic granulomatous disease, loss or abnormality of DNA for the p90 component of the oxidase leads also to loss of the p22 component and loss of the spectral signal for the cytochrome, even though the affected DNA does not encode a protoporphyrin binding site (42) . This suggests that the spectral signal of the cytochrome can only be expressed in a phagocyte that contains both of the currently established components of the oxidase-cytochrome complex (p90 and p22) . Finally, the recovery of oxidase activity over 7 d in culture, in a nondividing cell population, establishes that KCs are oxidase-positive cells.
For the above studies, it was essential to develop a method for detection of cytochrome b559 that would be free of interference from mitochondrial cyto-chromes and ingested hemoglobin . The double-reduction technique devised here solved this problem. This new method (Ding, A., manuscript in preparation) should prove useful in the estimation of cytochrome b559 content in other cell preparations that contain mitochrondria or hemoglobin .
The possibility that KCs have been deactivated in situ by either MDF or TGF-,Q is made unlikely by the distinctive oxidase kinetics in each of these situations . MDF selectively reduces the affinity of the oxidase for NADPH . Addition of mM concentrations of NADPH to permeabilized, MDF-treated macrophages restores the full rate of superoxide production seen with activated macrophages (17) . On the other hand, the oxidase activity of permeabilized, TGF-,B-treated macrophages is indistinguishable from that of control activated macrophages (Tsunawaki, S., M . Sporn, and C. Nathan, manuscript in preparation) . Both patterns stand in striking contrast to the results with KCs, in which no oxidase activity at all could be detected under the same conditions . PCs displayed a profound defect in the respiratory burst and became refractory to rIFN-y-mediated enhancement of the burst, as a delayed consequence (t,,, 7 h) of prior ingestion of small numbers of zymosan particles. Suppression ensued under conditions in which the particles themselves triggered no detectable respiratory burst (data not shown) . Similarly, lymphokine-induced tumoricidal activity was blocked by prior exposure of PCs to surfaces coated with immune complexes or to erythrocytes treated with glutaraldehyde or coated with IgG or IgM plus complement (43) . Likewise, brief exposure of PCs to subnanogram/ml concentrations of bacterial LPS prevented rIFN-y-induced enhancement of PC H202-releasing capacity (44) . Each of these observations with PCs may be relevant to the defect in KCs. Erythrophagocytosis is a well-known function of KCs, which left its mark in the present experiments in the form of intense spectral signals from hemoglobin in the absence of morphologically detectable intracellular erythrocytes . KCs are a major site for the clearance of both immune complexes (45) and LPS (46) . Thus, the defect in the respiratory burst of KCs probably arises as a delayed consequence of exposure to senescent erythrocytes, LPS, immune complexes, and/or other ligands destined for endocytosis. In both their eicosanoid metabolism and LFA-1 expression, KCs closely resembled PCs several days after exposure to mycobacteria or propionobacteria, in striking contrast to the pattern in resident PCs (25, 34) . These results are consistent with the idea that KCs are in a postendocytic state. A similar mechanism may explain the suppressed respiratory burst of the resident sinus-lining macrophages of murine marrow (9) . However, at least one serosal macrophage population, that in the pulmonary alveoli, can show morphologic evidence of extensive endocytosis without loss of respiratory burst capacity or its responsivity to enhancement by rIFN-y (47) . In addition, ingestion of at least one type of particle, latex beads, does not lead to gradual suppression of the respiratory burst of resident PCs (data not shown) . It is not clear what determines these differences .
By what mechanism may continual, low-level endocytosis of certain substances induce selective, gradual, profound, long-lasting, reversible inhibition of the respiratory burst? The mechanism appears to be distinct from the apparent exhaustion of respiratory burst capacity described earlier (23, 24) . In the latter situation, suppression of a second burst was evident immediately upon conclusion of the first burst, and in proportion to the magnitude of the first response . However, it is possible that subliminal triggering of the burst over a long period of time may lead gradually to the same functional state. In any case, this distinctive form of macrophage deactivation remains biochemically unexpected and unexplained.
In susceptible macrophage populations, deactivation after ingestion of small particle loads takes many hours to be expressed, and thus is unlikely to interfere with the antimicrobial action of immigrant monocytes, whose endocytic encounters with microbes should occur early upon entry into an inflammatory site . On the other hand, postendocytic suppression of the respiratory burst persists for days, without impairment in the cell's capacity for further phagocytosis . As such, this phenomenon may play a physiologic role in conditioning macrophages for prolonged service as scavengers of noninfectious particles, not only in certain vascular sinuses, but perhaps also in remodeling tissues and healing wounds.
Summary
Murine Kupffer cells (KCs), which constitute one of the largest populations of tissue macrophages, differ from most other cells of the myelomonocytic lineage in lacking the capacity for a respiratory burst. A collagenase perfusion technique followed by adherence to plastic at low temperature yielded pure cultures of KCs uniformly expressing receptors for Fc and C3bi, and containing virtually no morphologically detectable intracytoplasmic debris . Such KCs took up and oxidized glucose via the hexose monophosphate shunt about the same as peritoneal macrophages (PCs). Respiratory burst stimuli failed to enhance the hexose monophosphate shunt in KCs, probably because no H202 was produced . Detergent-permeabilized KCs generated no 02-in the presence of 1 mM NADPH, in striking contrast to all PC populations studied. Yet, KCs contained at least one component of the 02--producing oxidase, cytochrome b559, in the same quantities as PCs and neutrophils. Cytochrome b55s was demonstrated by a novel doublereduction spectral technique that eliminated interference from hemoglobin and mitochondrial cytochromes. Consistent with the presence of the oxidase, KCs acquired normal respiratory burst capacity after prolonged incubation in vitro. The defect in triggering the respiratory burst in KCs was selective for the reduction of 02 by NADPH, in that reduction of 02 by endogenous arachidonate was readily demonstrable in response to zymosan. The percent of arachidonate released, the percent oxygenated, and the suppression of prostacyclin and leukotriene C production, as well as the pattern of LFA-1 expression, all resembled the pattern reported with PCs several days after exposure to bacteria . Indeed, exposure of PCs to low numbers of zymosan particles led gradually to complete suppression of respiratory burst capacity and refractoriness to its enhancement by rIFN-y, as evident in KCs both before and after their explantation . Thus, the modulation of oxidative metabolism that characterizes KCs probably arises from frequent endocytic encounters. This phenomenon may permit macrophages to act as scavengers without oxidative damage to bystander cells.
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